Rare earth elements have been utilized in agriculture over thirty years to improve the productivity of crops, promote seeds sprout and young plants growth [1] . Application of rare earth elements to plant seedlings can dramatically improve the chlorophyll content, photosynthetic capacity and drought resistance of plants [2] . It was also demonstrated that La 3+ could prevent leaves of wheat seedling from being damaged by drought stress [3] . However, little is known about how the molecular mechanism of rare earth elements influences the multiple biological processes of plants.
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Rare earth elements have been utilized in agriculture over thirty years to improve the productivity of crops, promote seeds sprout and young plants growth [1] . Application of rare earth elements to plant seedlings can dramatically improve the chlorophyll content, photosynthetic capacity and drought resistance of plants [2] . It was also demonstrated that La 3+ could prevent leaves of wheat seedling from being damaged by drought stress [3] . However, little is known about how the molecular mechanism of rare earth elements influences the multiple biological processes of plants.
Stomata are formed by pairs of guard cells on epidermis of plant leaves. By opening and closing stomata, the guard cells regulate water loss or retention of plant leaves. It was shown that almost 90% of plant water was lost by stomata transpiration [4] . Ion channels of guard cells play an important role in regulating stomatal movements. Therefore, studies of the factors which influence the ion channels activities may provide direct evidence on how metal ions regulate the stomatal movements and therefore might lead to significant agricultural implications. Here we present our studies of the effects of La 3+ on inward K + channels at plasma membrane in vicia guard cells using the whole-cell patch-clamp mode. The results provide the putative evidence on how rare earth elements influence the plant biological process by blocking the K + ion channels on leaves.
Experimental

Plant material and reagents
Broad bean (Vicia faba L.) was grown from seed in pots with culture soil (nutrient soil/vermiculite 2 1). The plants were kept in a greenhouse with a humidity of about 70%, a photon flux density of 0.20 to 0.30 mmol·m −2 ·s −1 and day/night temperature of 25±2 /20±2 . There were no stresses on plants during growing period.
Reagents: CaCl 2 , MgCl 2 and KOH were obtained from Beijing Chemical Reagent Company. HEPES, EGTA, MES, K-Glutamate and D-sorbitol were purchased from Sigma Company.
Preparation of guard cell protoplasts
Guard cell protoplasts were isolated as described by Pei [5] .
Preparation of glass pipettes
Patch-clamp pipettes were prepared from soft glass capillaries (BJ03, Beijing) and pulled on a vertical two-stage puller (model PP-830; Narishige) followed by heat-polishment by a microforge (model MF-830; Narishige) before use. Glass pipettes had resistances of approximately 5 8 MΩ when filled with the pipettes solution (K-glutamate 100 mmol·L currents further by tail currents analysis [6] . the average values in 5 separate cells at least. According to fig. 3(a) , the application of La 3+ to the bath solution blocked the inward K + channels in a concentration-dependent manner. Fig. 3(b) shows the relationship between inhibitory rate of external La 3+ on inward K + currents and the La 3+ concentrations. Interaction of ions with the channel protein follows Michaelis-Menten type saturation kinetics [7, 8] . The relationship could be fitted using a formulation of the Michaelis-Menten equation: fig. 4(a) , inward K + currents were blocked by La 3+ at very small concentration. Fig. 4(b) shows the relationship between inhibitory rate of internal La 3+ on inward K + currents and the free La 3+ concentrations. According to fig. 4(b) , the La 3+ -induced decrease in steady-state currents at -190 mV revealed an inhibitory constant K i of (1.18±0.11)×10 −15 mol·L −1 .
Effects of external
y = 1/(1 + K i /x),
Discussion and conclusion
Lanthanide ions have similar property and radius of Ca 2+ [1] , and can effectively displace Ca 2+ from ionic binding sites in most biochemical reactions and act as Ca 2+ antagonists [10, 11] . Ca 2+ is an important second messenger in signal transduction of animal and plant cells and also is an important regulation factor in plant stomatal movements. It was reported that millimolar extracellular Ca 2+ concentrations inhibited inward K + currents at plasma membrane in vicia guard cells [12] while micromolar intracellular Ca 2+ concentrations inhibited inward K + currents with the inhibitor constant K i of 329 nmol·L −1 [13] . These results suggested that there exist weak binding sites outside membrane and strong binding sites inside membrane on inward [10, 11] . It was also established that La 3+ could inhibit ion channels other than Ca 2+ channel in animal and plant cells [14 16] . As demonstrated in our experiments, La 3+ blocked inward K + channels at plasma membrane in guard cells. Therefore, effects of La 3+ on other ion channels should not be ignored and should be studied further.
Stomata act as a major channel for water loss on plant leaves. Activities of ion channels in guard cells are directly involved in the regulation of stomatal movements. Plasma membrane K + channels were also shown to be involved in this process [17, 18] . Uptake of K + through inward K + channels facilitates stomatal opening, whereas inactivation of inward K + channels facilitates stomatal closing. Thus, activities of guard cells ion channels directly modulate the plant water status. Inhibition of inward K + currents by La 3+ may reduce the stomatal aperture and therefore promote plant leaves water retention. Since, stomatal movements are regulated by several other kinds of ion channels including Ca 2+ channels, outward K + channels, anion channels and so on [19] , it is worthwhile to investigate the effects of lanthanide ions on other ion channels to comprehensively elucidate the mechanism of the action of metal ions on stomatal movements. Plant water shortage was one of the main suffers from its environmental surroundings, therefore our results may provide useful information on application of rare earth elements with potential practical values in regulating plant water status and strengthening plant drought endurance.
